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Overview of the supplementary website Wouter Meuleman
of the Roadmap Epigenomics project ‘ http://compbio.mit.edu/roadmap
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« Website with supplementary information for the
Roadmap Epigenomics Project

« Data (raw and uniformly processed)
* Annotations

 Methods

http://compbio.mit.edu/roadmap



GRID VISUALIZATION

Select Initialize Grid Visualization to obtain a grid of uniformly pr d data sets (

lidated and/or

Select data views (signal tracks, peak calls, read alignments)
Select grid-cells
Visualize in the epigenome browser

@ Uniform Signal Coverage Tracks (-log10(p-value)) (Recommended)
(7 Uniform Signal Coverage Tracks (fold enrichment)

() Imputed Signal Coverage Track (predicted -log10(p-value))
 Uniform Peak Calls (data-specific default)
| Narrow Peaks for histone Chip-Seq and DNase-seq (Recommended)
/ Gapped Peaks for histone Chip-Seq (Recommended)
[ Reprocessed Filtered Alignments (36bp uniform mappability)

) across all

() Compressed view of core chromatin state model (all 127 consolidated epigenomes)

() Epilogo of core chromatin state model (all 127 consolidated epigenomes)
() Differentially Methylated Regions

([ Reduced Representation Bisulfite Sequencing (RRBS) methylation calls
(] Whole Genome Bisulphite Sequencing (WGBS) methylation calls

(_) MeDIP/MRE methylation calls

Options

@ Ignore unconsolidated epigenome data
# Open in a new page (deactivate pop-up blockers)

| Visualize | | Reset all | | Expand all | | Collapse all |

Ak
]
i

=
]
]
]
]
]
]
]
=
]
=
=
2]
2]

Showing 1 to 127 of 127 entries (filtered from 300 total entries)

(rows).

[ 85

Home /
Grid

ROADMAP .

Integrative analysis of 111 reference
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g PROJECT human epigenomes
d P 4 o c Eni BNt Predicti
Data~ Data ~ State Clustering~ Regulatory Regulators
Learning v Regions ~ and Motifs +
Search:

Disease
Variant
Interpretation v
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2063 Adipose Nuckel (25-state model (imputed))
£063 Adipose Nuckel (15-state model]
£063 Adipose Nuclel (18-state model]

H3K27me3 E063 Adipose Nuclei (P-value signal track)

H3KSmed EOE3 Adipose Nuckei (P-value signal track)

H3K27ac E063 Adipose Nuclel (P-value signal track)

H3K3I6me3 E0B3 Adipose Nuclei (P-value signal track)

H3Kdme1 EOB3 Adipose Nucei (P-value signal track)
H3K4med EOB3 Adipose Nuckei (Pvalue signal track)
H3K9ac E063 Adiposa Nuciel (P-value signal track)

H3K27me3 E063 Adipose Nuclei (Gapped peaks)
P value (+0910)

H3Kamed E0E3 Adipose Nuckei (Gapped poaks)
® value (cg10)

H3K27ac E063 Adipose Nuclei (Gapped peaks)
P value (+0Q10)

H3K36ma3 E063 Adipose Nuclel (Gappod peaks)
P value (+cg10)

HaKame1 EOB3 Adipose Nuclei (Gapped peaks)
o value (-0g10)
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S value (+og10)

H3K3ac E083 Adipose Nudle! (Gapped peaxs)
P value (+40910)
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15-state chromatin state model (ChromHMM)
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= DATA SOURCE

== ROADMAP
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o Google spreadsheet: Metadata and quality control

The spreadsheet contains 3 sheets (See bottom of sheet)

c (T7 Pronpry

")e

Consolidated_EpigenomelDs_ QC QC measures for DNase-seq and Histone ChlP-seq datasets from all 127 consolidated epigenomes

4 Rel

°
°
o Ur lid
°

y_Table: Main metadata table for 127 consolidated epigenomes

9_QC: QC measures for DNase-seq and Histone ChIP-seq datasets from all unconsolidated epigenomes

sample grouping, data quality,
raw data filenames, metadata

Disease
Variant

Interpretation ~ Sample namingllDS,

Comments in the column headers describe each column (scroll over column header if you open the spreadsheet in a new window or see bottom of sheet if you open it using the Visualize button)

Auto  Manu Train
Epiger Use Use Core Epigenome
1D Under Qualit Train  Train + name (from

(EID) ORDER COLOR Seq Rating (Core) (Core K27ac EDACC Release

E 6] [10] GROUP (1] Epigenome Mnemonic [12] [13] [14) [15] [16] Standardized Epigenome name 9 directory) ANATOMY

Core
Marks
9 60 40

Outlier DNA mt- 1 IMRS0 - LNG.IMRS0 ----- IMRS0 fetal lung fiorcblasts Cell Line IMRS0_Cell_Line LUNG
E002 2 ESC [N s a7 I o o ocswarces ES-WA7_Cell_Line ESC
E£008 3 ESC BN csc o | D HoCells Ho_Cell_Line  ESC

Bad Methylatio: 4 ESC ESC.I3 ES-I3 Cells ES-13_Cell_Line ESC
E015 5 ESC ESC HUESE | 0 HUESS Cels HUES6_Cell_Line ESC
E014 6 ESC ESC.HUES48 4 HUES48 Cells HUES48_Cell_Line ESC
E016 7 ESC BERREERN csc Hueses HUES64 Cells HUES64_Cell_Line ESC

Outlier DNA m¢ 8 ESC ESC.H1 H1 Cells H1_Cell_Line ESC
E024 9 ESC ORISR csc.sTaR | D ES-UCSF4 Cells astar ESC
E020 10 PSC IPSC.208 | D iPS-20b Cells iPS-20b_Cell_Line | IPSC
E019 11 IPSC {880 1esc.18 iPS-18 Cells iPS-18_Cell_Line | IPSC
E018 12 PSC SRR (rsc. 150 | 0 iPS-15b Cells iPS-15b_Cell_Line IPSC
£021 13 iPSC IPSC.DF.6.9 iPS DF 6.9 Cells iPS_DF_6.9_Cell_L IPSC
E022 14 iPSC B8RRI (sc.oF.19.11 " 0 iPSDF 19.11 Cells iPS_DF_19.11_Cel IPSC
E007 15 ES-deriv ESDR.H1.NEUR.PROG H1 Derived Neuronal Progenitor Cultured Cells H1_Derived_Neuro ESC_DERIVED
E009 16 ES-deriv - ESDR.HS.NEUR.PROG HS Derived Neuronal Progenitor Cultured Cells HS_Derived_Neuro ESC_DERIVED
E010 17 ES-deriv ESDR.HS.NEUR HS Derived Neuron Cultured Cells HS_Derived_Neuro ESC_DERIVED
013 18 ES-deriv ESDR.CD56.MESO hESC Derived CD56+ Mesoderm Cultured Cells hESC_Derived_CD ESC_DERIVED
E012 19 ES-deriv BEEREN csor coss.ECTO | D hESC Derived CD56+ Ectoderm Cultured Cells hESC_Derived_CD ESC_DERIVED
E011 20 ES-deriv BEEAEN sor D184 ENDO 4 hESC Derived CD184+ Endoderm Cultured Cells hESC_Derived_CD ESC_DERIVED
E004 21 ES-deriv ESDR.H1.BMP4.MESO - H1 BMP4 Derived Mesendoderm Cultured Cells H1_BMP4_Derived ESC_DERIVED
E005 22 ES-deriv ESDR H1.BMP4.TROP H1 BMP4 Derived Trophoblast Cultured Cells H1_BMP4_Derived ESC_DERIVED
E006 23 ES-deriv ESDR.H1.MSC H1 Derived Mesenchymal Stem Cells H1_Derived_Meser ESC_DERIVED
E062 24 Blood & T-cell [HBBAGBAN BLD.PER MONUC.PC 0 Primary mononuclear cells from peripheral blood Peripheral_Blood_} BLOOD
E034 25 Blood & T-cell | #SSABS4N BLD.CD3.PPC Primary T cells from perigheral blood CD3_Primary_Celie BLOOD
E045 26 Blood & T-cell |MBSABBAN BLD.CD4.CD251.CD127. TMEMPC Primary T cells effectorimemory enriched from peripheral blood CD4+_CD25int_CC BLOOD
E033 27 Blood & T-cell BLD.CD3.CPC Primary T cells from cord blood CD3_Primary_Celis BLOOD
E044 28 Blood & T-cell BLD.CD4.CD25.CD127M.TREGPC Primary T regulatory cells from peripheral blood CD4+_CD25+_CD° BLOOD
£043 29 Blood & T-cell [HBBAGBAN BLD.CD4.CD25M.TPC 0 Primary T helper cells from peripheral biood CD4+_CD25-_Tn_f BLOOD
E039 30 Blood & T-cell |BSABBAN BLD.CD4.CD25M.CD45RA.NPC Primary T helper naive cells from peripheral biood CDé4+_CD25-_CD4 BLOOD
E041 31 Blood & T-cell BLD.CD4.CD25M.IL17M.PLTPC Primary T helper cells PMA-| stimulated CD4+_CD25-_IL17 BLOOD
E042 32 Blood & T-oll - BLD.CD4.CD25M.IL17P.PL.TPC 0 0 Primary T helper 17 cells PMA- stmulated CD4+_CD25-_IL17 BLOOD
_— . B e e e 1 1 | |} — . — PR P,

[

C _| Ds_ y_Table | Consolidated EpigenomelDs QC Unconsolidated Release9 QC

TYPE

CellLine
PrimaryCulture
PrimaryCulture

PrimaryCulture
PrimaryCulture
PrimaryCulture
PrimaryCulture

PrimaryCulture
PrimaryCulture
PrimaryCulture
PrimaryCulture
PrimaryCulture
PrimaryCulture
PrimaryCulture
ESCDerived
ESCDerived
ESCDerived
ESCDerived
ESCDerived
ESCDerived
ESCDerived
ESCDerived
ESCDerived
PrimaryCell
PrimaryCell
PrimaryCell
PrimaryCell
PrimaryCell
PrimaryCell
PrimaryCell
PrimaryCell
PrimaryCell

AGE
(Post
Birth in
YEARS/
Fetal in
LAB GESTATIO!
(Based on 5 core WEEKSICE
histone marks only) LINE CL)

ucsD CL

Bl cL
ucsD CcL

Bl cL

Bl CL

Bl CcL

Bl CcL
BI,UCSD,UCSF-UBC CL
UCSF-UBC CcL

BI cL

Bl CL

Bl CcL
ucsD CL
ucsD CL
ucsD CcL

Bl CL

Bl cL

Bl CcL

Bl CcL

BI CL
ucsD CcL
ucsD CL
ucsD CcL
UCSF-UBC 28Y, 21Y
uw 21Y, 31Y
BI Unknown
Bl Fetus (GW L
Bl Unknown
BI Unknown
Bl Unknown
Bl Unknown

Bl Unknown

SEX
(Male,
Female,
Mixed,
Unknown)

33

50

Female
Female
Female

Female
Female
Female
Male

Male
Female
Male
Female
Female
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Male
Male
Male
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

SOLID/
LiQuip

$3%% $3¢%

$5353335353333333¢%

LIQuID
LiQuiD
LiQuip
LIQuID
LIQuiD
LiQuip
LiQuip
LIQuiD
LiQuip
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ChIP-seq and DNase-seq uniform reprocessing for consolidated epigenomes

a. Read mapping

b. Mappability filtering, pooling and subsampling

c. Peak Calling

d. Genome-wide signal coverage tracks

T
G
3
g
G

e. Quality Control

RNA-seq uniform processing and quantification for consolidated epigenomes

Methylation data cross-assay standardization and uniform processing for consolidated epigenomes

O .0 .3 =

Differentially Methylated Regions (DMRs) and DNA methylation variation

(oY

( DMR calls across reference epigenomes
DMRs in hESC differentiation (Fig. 4h)

Additional DMR calls

For studying breast epithelia differentiation, DMRs were called from WGBS, requiring at least 5 aligned reads to
(Gascard et al. (2015)). For studying tissue environment vs. developmental origin, DMRs were called from MeD|
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Imputed signal tracks

The states are as follows

-

: STATE NO.MNEMONIC DESCRIPTION COLOR NAMECOLOR CODE
Peak calls on imputed data } S > o
2 PromU Promoter Upstream TSS Orange Red  255,69,0
3 PromD1 Promoter Downstream TSS 1 Orange Red  255,69,0
4 PromD2  Promoter Downstream TSS 2 Orange Red  255,69,0
Chromatin state model based on imputed data (25 state, 1, [° "= e e 00
7 Tx3 Transcribed - 3' preferential Green 0,128,0
8 TxWk Weak transcription Lighter Green 0,150,0
9 TxReg Transcribed®ulatory (Prom/Enh) Electric Lime 194,2255
g DATA SOU RC E 10 TxEnh5 Transcrfbed 5: preferentfal and Enh Electric L?me 194,225,5
1l TxEnh3 Transcribed 3' preferential and Enh  Electric Lime  194,2255
12 TxEnhW  Transcribed and Weak Enhancer Electric Lime  194,225,5
o 12-mark/127-reference epigenome/25-state Imputation Based Chromatin State Model | 43 EnhA1 Aetiva Enhancatd Orange 255,195,77
14 EnhA2 Active Enhancer 2 Orange 255,195,77
|:| Open in a new page (deactivate pop-up blockers) 15 EnhAF Active Enhancer Flank Orange 255,195,77
16 EnhW1 Weak Enhancer 1 Yellow 255,255,0
o Summarized visualization of all 127 epigenomes using epilogos i S W?ak RADIEEIR ) bl 2oRRmn
18 EnhAc Primary H3K27ac possible Enhancer Yellow 255,255,0
19 DNase Primary DNase Lemon 255,255,102
20 ZNF/Rpts ZNF genes & repeats Aquamarine 102,205,170
21 Het Heterochromatin Light Purple 138,145,208
22 PromP Poised Promoter Pink 230,184,183
23 PromBiv  Bivalent Promoter Dark Purple  112,48,160
24 ReprPC Repressed Polycomb Gray 128,128,128
25 Quies Quiescent/Low White 255,255,255
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Chromatin state learning

€ DATA SOURCE
st The states are as follows
http://egg2.wustl.edu/roadmap/data/byFile Type/chromhmmSegmentatio
(] Open in a new page (deactivate pop-up blockers) STATE NO.MNEMONIC DESCRIPTION COLOR NAME COLOR CODE
1 TssA Active TSS Red 255,0,0
° Summarized visualization of all 127 epigenomes using epilogos 2 TssAFink  Flanking Active TSS Orange Red 255,69,0
o Emission, transition probabilities and enrichment of states relative to vari
o MNEMONICS BED FILES ( [Epigenome_id]_15_coreMarks_mnemonics 3 TxFink Transcr. atgene 5'and 3'  LimeGreen 50,205,50
e 4 Tx Strong transcription Green 0,128,0
o chromosome, start (0-based), stop (1-based), state_label_mnemonic for
o ARCHIVE of all mnemonics.bed files 5 TxWk Weak transcription DarkGreen 0,100,0
o BROWSER FRIENDLY FILES ([Epigenome_id]_15_coreMarks_dense.b| ¢ EnhG Genic enhancers GreenYellow 194,2255
o The dense BIGBED files will allow you to view each epigenome as a sing
UCSC Genome Browser or IGV i Enh Enhancers Yellow 255,255,0
o ARCHIVE of all the dense BIGBED files 8 ZNF/Rpts  ZNF genes & repeats Medium Aquamarine 102,205,170
o [Epigenome_id]_15_coreMarks_dense.bed.gz (Same as above except in 9 Het Heterochromatin PaleTurquoise 138,145,208
o ARCHIVE of all dense BED files ) ) ) )
o [Epigenome_id]_15_coreMarks_expanded.bed.gz files: The expanded fij 10 TssBiv Bivalent/Poised TSS IndianRed 205,92,92
mnemonics and representative colors 1 BivFink Flanking Bivalent TSS/Enh  DarkSalmon 233,150,122
o ARCHIVE of expanded BED files . . :
o STATES FOR EACH 200bp BIN: 12 EnhBiv Bivalent Enhancer DarkKhaki 189,183,107
http://egg2.wustl.edu/roadmap/data/byFileType/chromhmmSegmentatiof 13 ReprPC Repressed PolyComb Silver 128,128,128
° Max. p'osterior state label for each 200 bp bin in each c'hromf)some fora 14 ReprPCWk Weak Repressed PolyComb Gainsboro 192,192,192
bins with the same state label are merged and a label is assigned to the
o ARCHIVE of state-by-line files 15 Quies Quiescent/Low White 255,255,255

o POSTERIOR PROBABILITY FOR EACH 200bp BIN:
http://egg2.wustl.edu/roadmap/data/byFile Type/chromhmmSegmentations/ChmmModels/coreMarks/jointModel/final/POSTERIOR/
o Posterior probabilities of each state in each 200 bp bin for all chromosomes in all epigenomes
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Clustering of epigenomes reveals common lineages, common properties

€ DATA SOURCE

Correlation matrices (Data format: RData)

%éﬁiﬁ = S o Download URL:

EL %} http://egg2.wustl.edu/roadmap/data/byDataType/celltype_clustering/correlation_matrices/
2 et e
il i% 9 .
= - Newick formatted optimally ordered hierarchical trees, annotated with bootstrap scores
A R

© Download URL:
http://egg2.wustl.edu/roadmap/data/byDataType/celltype_clustering/bootstrap_results/
E&sﬁm:':..“;;:.._"-..m cle
B ””‘“";’:’:’ S ;:,?:P:'.“m“.':""é:b cahs
.u..u-: celx
Be y::nla-; T

O3 e oty it < For each analyzed mark, we calculated Pearson correlation values between all pairwise combinations of reference epigenomes using
b for : the marks signal confidence scores (-log10(Poisson p-value)) within 200bp of the genomic regions deemed relevant for that mark.
Relevance of regions is determined by whether a region was called in a particular (mark-matched) chromatin state with posterior
probability of > 0.95 in any of the reference epigenomes. For H3K4me1, H3K27ac and H3K9ac we used state Enh, for H3K4me3 state
TssA, for H3K27me3 state ReprPC, for H3K36me3 state Tx and for H3K9me3 state Het, unless otherwise noted (all based on the 15-
state core model).

The resulting correlation matrices were used as the basis for a distance matrix for complete-linkage hierarchical clustering, followed by
optimal leaf ordering (Bar-Joseph et al. (2001)). Bootstrap support values are derived from 1,000 random samplings with replacement
from all regions considered for a particular mark and a bootstrap tree was estimated for each resampling. The bootstrap support for a
branch corresponds to the fraction of bootstrapped trees that support the bipartition induced by the branch.

In parallel to this, all correlation matrices mentioned above were used to perform Multi-Dimensional Scaling (MDS) analyses using R.
Some concept code that can be used with the provided correlation matrices to perform hierchical clustering and MDS analyses:

mark <- "H3K4mel"; state <- 7; # example mark/state combination: H3K4mel in the Enh state
load(paste("cor_", mark, "_", state, ".RData", sep=""));

d <- as.dist(1l-markcor);

hclust_res <- hclust(d);

MDS_res <- cmdscale(d, eig=TRUE, k=nrow(markcor)-1);
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Delineation of DNasel-accessible regulatory regions

Clustering of DNasel-accessible regulatory regions to identify modules of coordinated activity

& DATA SOURCE

BED files with coordinates for regions in each module:

o Promoter: 81,232 promoter regions (1.43958% of genome)
Download URL: http://fegg2.wustl.edu/roadmap/data/byDataType/regulatory_modules/modules_prom/BED_files/

Visualize

[_J Open in a new page (deactivate pop-up blockers)

Predicting
Regulators
and Motifs ~

Disease

Variant

Interpretation ~

o Enhancer: 2,328,936 putative enhancer regions (12.6385% of genome)

Download URL: http://fegg2.wustl.edu/roadmap/data/byDataType/regulatory_modules/modules_enh/BED _files/

Visualize

() Open in a new page (deactivate pop-up blockers)

o Dyadic: 129,960 dyadic promoter/enhancer regions (0.985296% of genome)

Download URL: http://fegg2.wustl.edu/roadmap/data/byDataType/regulatory_modules/modules_dyadic/BED _files/

Visualize

() Open in a new page (deactivate pop-up blockers)

High resolution figures of module heatmaps for each module:

o Promoter: PDF, PNG

o Enhancer: PDF, PNG

o Dyadic: PDF, PNG

Enhancer activity across 111 complete epigenomes

The order in which modules are plotted in the heatmaps:

o Promoter: TXT
o Enhancer: TXT
o Dyadic: TXT
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Predicting motifs and active regulators in each cell-type/tissue/lineage

€ DATA SOURCE

o Primary motif resource:
http://compbio.mit.edu/encode-motifs/

o Data underlying Figures Extended Data 8a, S13a (clustered), S13b,c (unclustered), S13d,e (unique):

hitp://legg2.wustl.edu/roadmap/data/byDataType/motifanalysis/pouyak/
o Motif enrichments (enhancer cluster centric):
http://legg2.wustl.edu/roadmap/data/byDataType/motifanalysis/pouyak/viewByCluster/bycluster.html

DNA Motif Positional Bias in Digital Genomic Footprinting Sites

€ DATA SOURCE

o Primary motif resource:
http://compbio.mit.edu/encode-motifs/
o DNase/DGF Footprint calls:
http://egg2.wustl.edu/roadmap/data/byDataType/dgfootprints/
Format: 5 column BED files. 4th column is footprint ID. 5th column is FOS score. See below.
o Data underlying Figures 8, Extended Data 9b, 9c:
http://egg2.wustl.edu/roadmap/data/byDataType/motifanalysis/zhizhou/
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Tissue-specific activity of disease-associated regions

We tested the enrichment of SNPs from individual Genome-wide Association Studies (GWAS) for the gapped peak call sets for histone marks H3K4me1, H3K4me3,
H3K36me3, H3K9me3, H3K27me3, H3K9ac, and H3K27ac as well as the DNase peak call set based on MACS2 in each reference epigenome where available. The
SNPs used were curated into the NHGRI GWAS catalog (Welter et al. (2014)) and obtained through the UCSC Table Browser (Karolchik et al. (2004)) on
September 12, 2014. We restricted the enrichment analysis to chr1-22 and chrX. We defined a study to be a unique combination of annotated trait and pubMedID.
To reduce dependencies between pairs of SNPs assigned to the same study, we pruned SNPs such that no two SNPs were within 1MB of each other on the same
chromosome. The pruning procedure considered each SNP in ranked order of p-value with the the most significant coming first, and we retained a SNP if there was
no already retained SNP on the same chromosome within 1MB. We computed hypergeometric p-values for the enrichment of each pruned set of SNPs overlapping
peak calls against the pruned GWAS catalog as the background. We estimated separately for each mark a mapping from a p-value to a false discovery rate across
tests for all study and reference epigenome combinations by generating 100 randomized versions of the pruned GWAS catalogs shuffling which SNPs were
assigned to which study and computing the average fraction of reference epigenomestudy combinations that reached that level of significance (in a continuous
mapping of p-values to FDR) using randomized catalogs divided by the number based on the actual GWAS catalog.

Further data available in Table S6 online
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& DATA SOURCE

o Download URL:
http://fegg2.wustl.edu/roadmap/data/byFile Type/chromhmmSegmentations/ChmmModels/coreMarks/jointModel/final

WASHU EPIGENOME BROWSER

(] Open in a new page (deactivate pop-up blockers)
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